Over the last few decades, scientists exploring the aspects of engineering education and investigating the strong connection between the engineering profession and society have argued for a more rounded, holistic approach to the engineering curriculum. In addition to fundamental technical subjects, they have proposed the inclusion of a broad range of social subjects in order to equip young engineers with social and communication skills relevant for teamwork, and to enhance their awareness about both the way social changes in uence the implementation of certain engineering solutions and about the way developments in engineering have a considerable impact on society in general. This paper presents the results of a two-year qualitative study of the importance of social subjects within the engineering academic curriculum at the Faculty of Mechanical Engineering and Naval Architecture in Zagreb, Croatia.
Introduction
Engineering educators have proposed a number of changes in the outlook of the predominant scheme of engineering curricula. Susan Beder (1999) points out that while the world of technology has undergone substantial transformations since the second half of the 20 th century, engineering curricula have basically remained intact. In his description of problems connected with the existing patterns of engineering education, David Goldberg states, "As a faculty advisor in Senior Design since 1990, I have learned how to coach students to successfully solve their problems, but I am continually reminded, year after year, about the mismatch between the education a cold war curriculum provides and the demands of a real--world engineering problems" (Goldberg, 2010, p. 146) .
A glance at the history of education for engineers reveals that before the Second World War, students were primarily taught through practical activities, with less emphasis on theoretical knowledge in physics, mathematics and technical fundamentals. However, the Cold War era witnessed a balance between the aforementioned practical skills (personal, interpersonal, and process skills, and product and system building skills) and technical fundamentals, with a steady increase in the emphasis on theoretical technical knowledge (Crawley, Malmqvist, Ostlund, & Brodeur, 2007) . Since the 1970s, some engineering educators have begun to voice concern about the large amount of theoretical input coupled with lack of speci c skills. During the 1990s, a number of engineers expressed their support for reform of engineering education towards. More speci cally, they argued for a more rounded curriculum, which would be directed towards developing practical knowledge, as well as knowledge of non-technical, social subjects. This need for transformation has also been recognized among the engineering academic community, as well as various engineering associations, such as the American Society for Engineering Education, IEAust., American Board of Engineering and Technology, SEFI and IGIP. Still, the way in which this transformation should proceed is still a matter of contention (Beder, 1999; Goldberg, 2010; Jørgensen, 2007) . Ulrik Jørgensen, for example, proposes the following solution to the academic stagnation: "The response lies in a new understanding of the role of science in innovation and the use of technology in context. This approach underlines the existing need to bridge the divide between the disciplinary knowledge of the technical sciences and social sciences, and the practical domains of engineering, with their unique knowledge and routines that integrate the social, practical, and technical aspects of technology at work" (Jørgensen, 2007, p. 234) .
In the  rst instance, this paper aims to make a case for a strong non-technical component in engineering education, which would be comprised of, for example, communication skills, practicing teamwork, and training in social responsibility, ethics and critical thinking. The second part of the paper describes the results of the research conducted at the Faculty of Mechanical Engineering and Naval Architecture in Zagreb during the course which took approximately two years (between 2010 and 2012) to complete. The description of the research project is structured with respect to two major topics. The  rst topic describes what students perceive as being the function of social subjects within their educational training. The second topic concentrates on certain organizational and conceptual dif culties in achieving the desired result of holistic engineering education.
"Why do I need this?": a case for holistic education of engineers
As a sociologist and an educator of young future engineers, I, just like my colleagues from other departments, have often been confronted with the question posed above. Subtle changes in the identity of the engineering profession have been occurring over the course of the last twenty years. The realization that engineers should be educated in a way that enables them to tackle work tasks of interdisciplinary nature, that is, requiring a broader spectrum of themes than merely scienti c and technical fundamentals, has not signi cantly changed the staunch belief that mechanical engineers deal primarily with problems of purely technical nature. One of the reasons why engineers fail to promote their own ideas and goals to society is because they do not possess suf cient knowledge of the social aspect of their engineering activities (knowledge of social trends, social needs, and changes in politics and the economy) (Beder, 1999) . This general knowledge is what Charles Wright Mills (2000) would call "social imagination". It is the goal of holistic engineering education: to understand the social context surrounding technical changes and technical innovation. Besides such a general understanding of society and the social system, engineering students also need certain practical skills which can be taught in lectures that concentrate on non-technical subjects and are incorporated into engineering education programs.
Teamwork and communication
Some solutions to complex problems of engineering assume the ability to work in an interdisciplinary environment. Engineers need an extensive knowledge of other  elds of research that go beyond engineering. This is a requirement for engineers working in project teams whose members are professionals from different areas of expertise. The effectiveness of such teams depends, to a great extent, on ef cient communication among their members.
Engineering students need some level of knowledge in non-technical and social subjects to be able to communicate with other members of the team on equal ground. Engineers also need to transmit and share their own knowledge, and learn to accept a multiplicity of perspectives. In order to meaningfully participate in teamwork, students should also acquire skills that can facilitate their communication: "Good engineers work in teams and communicate effectively, while always exercising personal creativity and responsibility" (Crawley, Malmqvist, Ostlund, & Brodeur, 2007, p. 8) . They should know how to accept ambiguity (deal with different perspectives), to differentiate (distinguish between perspectives), to synthesize and integrate ( nd acceptable solutions to all involved, to compromise), and to compare (explore the similarities and differences between perspectives) (Godemann, & Michelsen, 2011) . Communication skills have been identi ed as a lacking component in young engineers after their graduation (Beder, 1999; Crawley, Malmqvist, Ostlund, & Brodeur, 2007; Goldberg, 2010) . David E. Goldberg (2010) describes how during the course of his career he realized that while young engineers were well educated in technical fundamentals, they were less apt in coping with several basic pro ciencies that were of use in teamwork. Among the most conspicuous problems, as he notices, were asking pertinent questions, gathering relevant data, and communicating suggested solutions (Goldberg, 2010) . These problems basically pertain to de ciencies in communication skills, which should be taught in a variety of subjects, especially non-technical ones, through presentation exercises, discussion and writing exercises.
Social responsibility and sustainable development
Communication pro ciencies are crucial for successful con ict resolution at the workplace. Not only do engineers need to know how to behave in contentious situations at work, but they should also be able to transfer the skills of con ict resolution and their knowledge of labor rights to their associates. Engineers usually  nd themselves in management positions, playing the role of leaders in companies at some point of their careers. Today's companies dedicate much focus and attention to public relations policies. Therefore, the strategy and politics of corpo-rate social responsibility is an important feature of management. Corporate social responsibility entails, among other things, control and reporting on adequate working hours, freedom of association, health care, discrimination, child labor, forced labor (Bežovan, 2002) . Students can learn about the practice of corporate social responsibility by studying examples of companies and their social responsibility policies. Lectures on (corporate) social responsibility should consist of analysis and discussions on how the policies mentioned above can help solve various problems when it comes to the relationship between business activities and society.
Corporate social responsibility is one aspect of the politics of sustainable development. Sustainable development assumes a general outlook on industrial development, which emphasizes the protection of natural resources for future generations, environment conservation, as well as taking care of local communities and treating workers fairly. The precepts of sustainable development have been implemented in many high school and university educational programs. Educational processes are seen as one of the instruments of promoting sustainability discourse (Godemann, & Michelsen, 2010) . Students of engineering play an especially important role in this respect because they devise and implement new technical solutions. These new solutions should adhere to certain ecologically viable standards. As Nicholas A. Ashford (2004, p. 239) observes, "The focus is on engineering, more than on natural and physical sciences or on social science, because the activities that drive the industrial state -the activities that implement scienti c advance -are generally rooted in engineering". Students of engineering need to be made aware of the important and far-reaching effect they have upon their community and society in general. Before proposing international solutions for local communities, they should know something about their traditions and history so they do not do harm to the existing social equilibrium, such as job losses or threats to traditions and an accepted way of life (Pavlova, 2009) . When designing and launching new products, they are supposed to take into consideration how those new products may affect people in their surroundings: "To do this, students must be technically expert, socially responsible, and inclined to innovate. Such an education is essential for achieving productivity, entrepreneurship, and excellence in an environment that is increasingly based on technologically complex systems that must be sustainable" (Crawley, Malmqvist, Ostlund, & Brodeur, 2007, p. 10) .
Engineering ethics and critical thinking
Another important task of engineering education is to point out the possible consequences of decisions made in the  eld of engineering. The history of environmental catastrophes and technical accidents has demonstrated that the engineering profession needs a strong professional code because even small decisions can bring about unwanted effects. One of the tasks of engineering education is to train students, future engineers, how to react in certain ethically delicate situations. Mere rules are not enough to provide students with a framework for actively pursuing ethical standards. Analyzing realistic  ctional cases and ethical dilemmas can prepare students for real-life issues and problems at the workplace.
As Charles Harris Jr., Michael S. Pritchard, & Michael J. Rabbins (2009, p. 19 ) point out, "Engineers, like other professionals, are case-oriented. They do not work in generalities, and they must make decisions. The study of cases helps students understand that professional ethics is not simply an irrelevant addition to professional education but, rather, is intimately related to the practice of engineering".
Anticipation of potentially contentious situations requires the ability to think critically. Critical thinking is a desired goal at all levels of general education. It assumes the questioning and constant re-evaluation of accepted truths. The incorporation of critical thinking into the engineering curriculum can have substantial bene ts for the engineering profession. Margarita Pavlova (2009) has suggested a model for the inclusion of critical thinking into the curriculum through what she calls the "re-think" principle. Students are required to study a problem and, through guided classroom discussions, propose innovative solutions which go beyond the prevalent, routine answers their profession already offers. One example is the "Buddhist economy," "which is based on the idea of "enoughness" of appreciating both human needs, limitations and appropriate use of technology" and of emphasizing "that the aim ought to be to obtain the maximum amount of well-being with the minimum amount of consumption" (Pavlova, 2009, p. 80 ). *** Engineering educators have produced a large body of texts describing the most important skills that engineers need to possess in order to perform their jobs to a certain standard. While some changes fail to produce desired results, ever new designs of engineering curricula are being proposed to accommodate the needs of the business world and the industry. Still, David E. Goldberg, Andreas Cangellaris, Michael Loui, Raymond Price, & Bruce Litch eld (2008) point out that the changes are too slow and cannot provide a timely answer to industrial needs. One of the reasons is because the proponents of change sometimes neglect one of the chief actors of engineering education: the students. The following study thus focuses primarily on students and their views on the changes entailing the inclusion of social subjects into the curriculum. There have already been studies into the students' perspective on the content of their education (Crawley, Malmqvist, Ostlund, & Brodeur, 2007) but they have been narrowed down to studying the need for practical knowledge acquisition. The success of the engineering education reform depends on the acceptance of these changes by the students. Therefore, a deeper scienti c understanding and further research into the attitudes of students is required.
Data and method
The research data have been gathered from students at the Faculty of Mechanical Engineering and Naval Architecture at the University of Zagreb. The subjects of Sociology and Industrial Sociology have been present in the Faculty's curriculum for several decades. General Sociology is taught in the  rst semester, while Industrial Sociology-towards the end of education at the Faculty. In the past ten years, the Faculty has introduced more non-technical subjects dealing with law, economics, management, and psychology. These subjects are mostly elective, with some of them being obligatory, depending on the student's major. The new orientation towards broadening non-technical knowledge came as the result of adherence to the propositions of ASIIN (Akkredititierungsagentur für Studiengänge der Ingenieurwissenschaften, der Informatik, der Naturwissenschaften und der Mathematik), a German quality assurance agency. The goal of the agency is rectify the engineering curriculum by making it more interdisciplinary and by including in it more non-technical content (10 percent of the whole workload).
What has given impetus to further research were several years spent on observing students' behavior and attitudes towards non-technical subjects in general and sociology in particular. Discussions about related issues were gradually incorporated into several lectures over the course of four years. Students were also required to write an essay on the importance of social subjects for their overall education. Their output was then used to construct semi-structured interviews on the same topic. So far we have conducted nineteen interviews. The duration of interviews was mostly between thirty- ve and  fty- ve minutes. The interviews were transcribed and analyzed in accordance with the general recommendations of qualitative analysis (Denscombe, 2007; Glaser, & Strauss, 1999; Silverman, 1993) . The  rst seven interviews were transcribed in full and later interviews were transcribed with respect to the emergent themes from previous interview transcriptions. We have also written notes or memos during our research, which contained important ideas and new focus points that were noticed or came to mind. The memos often served to facilitate the analysis of transcripts. We employed the method of inductive thematic analysis and paid special attention to perceived anomalies in expected answers (Braun, & Clarke, 2006) . While collecting data, we continually added new questions and abandoned those that were non-conclusive. The transcripts were coded and analyzed according to several relevant thematic units. Importantly, not all of the thematic units have been covered in this paper on the ground that the material would be too overwhelming and beyond the scope of this paper.
Research results

Students' perspectives on the importance of non-technical subjects
The aim of this research is to understand how students perceive the presence of social subjects in their studies program at the Faculty. The expectations of potential bene ts gained from such a component in their education turned out to be connected with their perception of engineering in general, or, more speci cally, what they believed to be the essence of the work of an engineer. The following statement once again reiterates the traditional view of engineering as a discipline primarily demanding good knowledge of physics and mathematics on the part of the student:"I was never interested in subjects such as law or the Faculty of Humanities and Social Sciences because I was always good at mathematics, physics and I de nitely saw myself doing this…" (I7); "I wanted something that was connected with mathematics, physics because it's interesting and important. I thought mechanical engineering was the best, the most applicable" (I10).
The students'  rst encounter with sociology in the  rst year of study usually results in surprise. Some students noted that they or their colleagues could not understand the necessity of such subjects and even had a hard time accepting it as part of their curriculum. Students who had a positive attitude towards social subjects pointed out that their appreciation of non-technical subjects came gradually, during the course of their education: "In my  rst year of study, I thought it /having sociology/ was strange.
Now it's less strange to me. You do need something that is non-technical" (I18); "And then I realized that making money wasn't the most important thing, that knowing how to act around people is also important so I saw that there was something to that. And in general, in life and society you realize that money isn't the most important thing, but relationships with people, so while becoming more mature my attitude towards the subject / social subject(s)/ changed" (I15).
When students start to think about their future, their job and employment, they start to feel somewhat anxious and unprepared. They  nd it disturbing that the knowledge they have received needs to be adequately placed in the context of the working environment, with all its essentially social aspects. Moreover, they come to realize that they not only lack the knowledge and the ability to understand their position in society, but they are also devoid of the appropriate sociological imagination. It is at that time that they begin to show a newly found appreciation of social sciences. When they  nd themselves  lled with fear of not being able to cope with the new workplace environment, they become aware that some answers cannot be found mathematics and theoretical technical knowledge. When asked what they perceived to be missing from their education, they provided the following answers: This is the knowledge and skills which students believe they should acquire during their education. It would help them practice engineering in a satisfactory way in their future professional careers. However, many of the answers indicate somewhat ambiguous opinions about the usefulness of studying social subjects. More often than not, students are not really clear about the reasons for introducing non-technical subjects into their technical education. When asked about the bene ts of studying non-technical subjects, they provided the following answers:
for me personally, I don't know what those "direct bene ts" is supposed to mean. For me, I don't know, to me it is useful because I  nd it interesting. That's it. That would be the bene t of these subjects" (I3); "To get a break from technical subjects" (I18); "Yes. Three years, that is, the  rst two years are extremely demanding and dif cult. There are lots of technical subjects and this is refreshing. Like something new, which is great" (I7).
The above quoted statements may re ect the students' ingrained opinion that the usefulness of a subject is measured by the immediate and direct applicability of knowledge or skill being taught. It might be hard for students to distinguish the direct bene ts non-technical subjects have to offer for their profession. Edward Crawley, Johan Malmqvist, Soren Ostlund, & Doris Brodeur (2007) , for instance, argue that the existing model of adding social subjects to the total body of theoretical knowledge is not adequate: "Simply broadening the science base in a more interdisciplinary direction, including the social sciences and humanities, may not have been a satisfactory solution. The mere addition of topics to the curriculum does not change engineering practices or provide a better integration of knowledge" (Crawley, Malmqvist, Ostlund, & Brodeur, 2007, p. 234) .
Perceived obstacles to holistic engineering education
Although many engineering educators believe it is high time to reform engineering education, there are, just like in the case of every institutional reform, certain obstacles of organizational and conceptual character (Goldberg, Cangellaris, Loui, Price, & Litch eld, 2008) . As I have mentioned elsewhere, social subjects have been added to the curriculum, but their contribution to holistic education has been only partly successful, since it occurs to contribute merely to the overall theoretical body of knowledge (Crawley, Malmqvist, Ostlund, & Brodeur, 2007) . Many students feel that social subjects are an additional and unnecessary burden. They say that the enormous amount of work connected with the technical fundamentals leaves little space for the appropriate acquisition of non-technical subjects: "I don ' A problem has been identi ed by educators, who are the leading proponents of changes in the curriculum that emphasize the importance of so-called soft-skills.
These are essentially the "what" and "how" questions that engineering educators commonly face. Focusing on the  rst question, there is a seemingly irreconcilable tension between two positions in engineering education. On one hand, there is the need to convey the ever-increasing body of technical knowledge that graduating students must master. On the other hand, there is growing acknowledgment that engineers must possess a wide array of personal and interpersonal skills; as well as the product, process, and system building knowledge and skills required to function on real engineering teams to produce real products and systems" (Crawley, Malmqvist, Ostlund, & Brodeur, 2007, p. 10) .
The new demands pose a signi cant organizational challenge because the new additions are extremely dif cult to incorporate into the existing "traditional program structure" (Fromm, 2003) . Furthermore, the teaching staff is inclined to show a certain degree of resistance to the practical, as well as conceptual, changes in the curriculum. David Goldberg, Andreas Cangellaris, Michael Loui, Raymond Price, & Bruce Litch eld (2008) noted that while many engineering educators in general support the reform, they object to the possibility that they themselves should adjust to and accommodate the curriculum changes, a kind of "educational NIMBY". Although the present study did not include the teaching staff, we asked the students to share their impressions about the way their professors view the changes and the incorporation of "soft subjects" into the engineering curriculum. When asked if professors justify the need for those subjects(since students themselves have mentioned that they were surprised with the inclusion of sociology), the interview students came up with negative answers: "Hm, no one told us anything. Absolutely nothing" (I3); "Nothing special. Nothing special" (I7); "Nobody told us anything about that" (I11).
These answers do not tell us much about the possible opinions of the engineering professors. They might, at best, be indicative of a kind of ambivalence and the mentioned "educational NIMBY." However, one student reported an extremely negative statement given by a professor at a lecture, which perfectly indicates the prototypical insistence on sticking to fundamentals while at the same time depreciating the non-technical part of engineering education: "Well I think that / While there was only one respondent decidedly stating that some teachers frown upon the teaching of so-called soft subjects, there were also many reports of equally negative attitude on the part of the students. When asked what students tend to think of the presence of social subjects in the curriculum, the respondents said: "Standard stuff. ' Students openly express their dissatisfaction with the requirements posed by the curriculum, and especially the presence of non-technical subjects. Their main objections pertain to the amount of workload. As they say, it does not allow time and energy for a detailed study of social subjects. Their responses also point to their confusion regarding the bene ts and usefulness of social subjects. The responsibility for their confusion partly lies with the teaching staff, which does not explain the facets and bene ts of holistic engineering education, albeit the teachers formally accept its goals.
If students' dissatisfaction and misunderstanding of the social component in the curriculum is in a way the re ection of attitudes adopted by the engineering professors at faculties over the world, then this rejection poses the question of a certain kind of perception of the work done by engineers and a certain kind of perception of the identity of engineers. Sharon Beder (1999) pointed out that, historically, the concept of "engineering as applied science" was accepted by the engineering community in order to gain status and to distinguish their community from "technicians, mechanics and skilled craftsmen in the occupational hierarchy". As D. Goldberg (2010, p. 153) indicates, "For example, engineering academics defend »the basics« against the encroachment of »soft« subjects, and it is even fairly common for engineering faculty to ridicule »soft« subjects and those who teach them; it is the rare engineering department, indeed, that can bring itself to approve course offerings in »soft« subjects and even rarer for engineering colleges to  nd it acceptable to offer tenure to those with »soft« disciplinary backgrounds". The curricular change apparently calls for a transformation of the existing paradigm among engineering professionals.
Thomas S. Kuhn (1999) has described the dynamics of change in the history of science, claiming that science progresses in a series of "jumps" or "scienti c revolutions." A scienti c revolution, with its unique explanations of the world around us, represents a radically different scienti c approach. In the beginning, this change is resisted by the majority of scientists. The change in perception of what the engineering curricula should offer in order to complement the engineering work environment of today could be seen as an example of shifting paradigms. Just like T. S. Kuhn describes it, at the early stages of the proposed revolutionary changes, there is a substantial division in the scienti c community. Apart from educators, who are strong proponents of engineering education, the rest of the engineering scienti c community is positioned on a continuum between those who are positively inclined those who are ambivalent and those engineering educators who are overtly hostile towards the changes. D. Goldberg , A. Cangellaris, M. Loui, R. Price, & B. Litch eld (2008) point out the unwillingness to shift to this new paradigm of engineering education and identi es the slow and cumbersome democratic processes of decision-making at faculties as an important factor hindering change. Therefore, if the curriculum is to truly grant a more holistic education to the engineering professionals, the reformers need to take into consideration the resistance at the organizational level, and try to come up with the ways to speed up the change and motivate the teaching staff to actively participate in the implementation of those changes.
Concluding remarks
Engineering educators and various institutions responsible for the integrity of the engineering profession have welcome the changes in engineering curricula with enthusiasm. These changes imply a shift towards a new paradigm of engineering and engineering education. This new paradigm is a move away from the insistence on the scienti c basis of technical education, which is comprised of theoretical knowledge in mathematics, physics and other purely technical subjects. The new paradigm, on the other hand, is designed to include a broader set of non--technical, social subjects and the acquisition of practical skills.
The research conducted at the Faculty of Mechanical Engineering and Naval Architecture was designed to understand how students at the chosen university perceive of the signi cance of the non-technical part of their education. The results showed that a large number of students believe that some skills, such as communication and presentation skills, leadership, and teamwork, are essential for their work prospects and, therefore, should be included in the program. They also emphasized that this kind of knowledge should be acquired through practical means, and less through studying social theory. This points to the fact that they are more oriented towards learning simple skills than understanding how social systems function and how engineers can or should function within the social system. One of the obstacles that impede implementing holistic engineering education is this very lack of understanding of the "big picture" at the organizational level. The traditional view connected to the mentioned "old paradigm" of engineering still continues to exist on universities while "soft" subjects are being marginalized or not taken too seriously. In order to succeed in reform towards holistic engineering education, professors and students at engineering educational institutions need to acknowledge the importance of the social component of engineering education and the social context of engineering activity.
